size-exclusion chromatography, 4 gas chromatography-mass spectrometry, 5 FIA atomic absorption spectrometry 6 and voltammetry. [7] [8] [9] PVC memberane-selective electrodes based on ion exchangers, 10 silver(I) thiourea complexes, 11 bis(benzoin)semiethylenediamine complex of mercury(II) 12 and Schiff-base complexes of cobalt(II) 13 have been reported for iodide determination. A highly selective iodide-sensing silicon ladder polymer membrane containing a porphyrin and a quaternary ammonium salt have been described. 14 The fabrication of a covalently attached multilayer film electrode containing cobalt phthalocyanine and its application as a potentiometric sensor of iodide ion has also been described. 15 The preparation of an ion-selective electrode by a chemical treatment of copper wire for the measurement of copper(II) and iodide by batch and flow-injection potentiometry has been described. 16 Carbon pastes are well known as useful materials for fabricating various electrometric sensors for analytical purposes. 7, 8, 17 The operation mechanism of such chemically modified carbon paste electrodes (CMCPEs) depends on the properties of the modifier materials used to import selectivity towards the target species. 18 In comparison with ion-selective electrodes based on polymeric membranes, the CMCPEs possess advantages of much lower ohmic resistance, very stable response and easy renewal of its surface. An important advantage for CPEs is that they do not need an internal electrode solution, which in some cases represent a problem of being reactive toward the metallic silver of the internal refrence system, such as in the case of an iodide solution. Most of CPEs have been described for amperometric analysis, and only few have been used for potentiometric measurements. An iodide-selective carbon paste electrode based on a synthesized Schiff-base complex of Fe(III) has been described. 19 In the present study a CTMAI-modified CPE was described, and its performance characteristics thoroughly investigated. The versatility of the proposed electrode has been examined for the determination of iodide content in Flaxedil (gallamine triethiodide 20, 21 pharmaceutical preparation). Gallamine triethiodide {2,2′,2″-(benzene-1,2,3-triyltrioxy)tris-(tetraethylammonium)triiodide} is a widely used musclerelaxant medication (Fig. 1 ).
Experimental

Reagents and materials
All chemicals were of analytical reagent grade unless otherwise stated, doubly distilled water was used throughout, and phosphate buffer of pH 7.0 was freshly prepared. Reagentgrade paraffin oil and graphite powder (Fluka) were used as received. The potassium salts of all anions used (Merck) were of the highest purity available and used without any further purification, except for vacuum drying. Dibutylsebacate (DBS), dioctyl phthalate (DOP) and cetyltrimethylammonium bromide were obtained from Aldrich Chemical Company. Phenylmercury acetate and mercury(II) nitrate were obtained from BDH.
Flaxedil (gallamine triethiodide) each 2-ml ampoule contains 40 mg of gallamine in pyrogenic water, was A new carbon paste electrode (CPE) for the determination of iodide ion based on a cetyltrimethylammonium iodide (CTMAI) ion pair as an electroactive material is described. The electrode shows a linear response for iodide ion over the concentration range of 4 × 10 -5 M to 1 × 10 -1 M with a lower detection limit of 4 × 10 -5 M at 25˚C. The electrode has a Nernstian slope of -55.0 ± 0.4 mV/decade and a fast potential response of 45 s, which is almost constant over a pH range of 5.0 -9.0. Selectivity coefficient data of the CTMAI-CPE for some common ions show negligible interference, and the electrode has high selectivity towards the iodide ion. An average recovery of 101.83% with a relative standard deviation of 1.53% has been achieved for the determination of iodide in Flaxedil (gallamine triethiodide) ampoules, a muscle relaxant drug. The electrode has been examined for the determination of iodide in saline water; the results were found to compare favorably with those obtained using Metrohm iodide ISE. The electrode has been utilized as an end-point indicator electrode for the determination of Hg(II) and phenylmercury(I) in their aqueous solutions using potentiometric titration with a potassium iodide standard solution. 
Apparatus
All potentiometric measurements were made at 25±1˚C using a Metrohm pH/ion meter Model 692. A Metrohm doublejunction Ag/AgCl reference electrode (Model 6.0726.100) containing 3 M potassium nitrate in the outer compartment was used in conjunction with the proposed electrode. A combined pH glass electrode (Model 6.0202.100) was used for all pH measurements. A Metrohm iodide-selective electrode (Model 6.0502.160) was used for comparison studies.
Preparation of a cetyltrimethylammonium iodide (CTMAI) modified CPE
A CTMAI-modified carbon paste electrode was prepared by thoroughly mixing weighed amounts of CTMAI, high-purity graphite, dibutyl sebasate and paraffin oil until obtaining a uniformly wetted paste. Portions of the resulting composite material were then packed in the end of a disposable polyethylene syringe (3 mm i.d., 1 ml), the tip of which had been cut off with a razor blade. Electrical contact to the carbon paste was made with a platinum wire. A fresh surface was obtained by applying gentle manual pressure to the carbon paste. The resulting fresh surface was polished on filter paper until it had a shiny surface. The electrode surface was renewed 22 when the iodide solution was changed from high concentration to a dilute solution because residual iodide was still adsorbed on the surface of the CPE, which led to poor reproducibility. The newly prepared indicator electrode was conditioned by soaking in a 1 × 10 -2 M aqueous iodide solution for 1 h and stored in the same solution when not in use.
Calibration of the iodide CPE electrode
The CTMAI-modified CPE was calibrated by immersion in conjunction with a reference electrode in a 50-ml beaker containing 9.0 ml of a phosphate buffer solution of pH 7.0. Then a 1.0 ml aliquot of an iodide solution with the concentration ranging from 1 × 1 M to 1 × 10 -6 M was added with continuous stirring and the potential was recorded after stabilization to ±0.2 mV. A calibration graph was then constructed by plotting the recorded potentials as a function of the -log[I -] concentration. The resulting graph was used for subsequent determination of unknown iodide ion concentration.
Determination of the iodide content in Flexadil
The iodide concentration in Flexadil ampoules (40 mg gallamine/ampoule) was determined by a direct potentiometric measurement using the proposed CTMAI-CPE. Aliquots of 50 µL, 100 µL and 200 µL Flaxedil were transferred to a measuring cell containing 10 ml of phosphate buffer of pH 7.0. For the standard addition, 50% of the nominal content was added to the sample solution. The e.m.f. of the electrode system was measured and the iodide concentration was obtained from the previously constructed calibration graph.
Results and Discussion
The chemical modifier A sparingly soluble complex of cetyltrimetylammonium iodide was instantaneously formed upon the addition of a cetyltrimethylammonium bromide (CTMABr) solution to a solution of potassium iodide. The dry powder of the formed ion pair was used to construct of a new iodide ion-selective carbon paste electrode. An elemental analysis showed that the composition of the complex was 1:1 (CTMA:iodide).
Influence of the electrode composition
It is known that the sensitivity and linearity for a given CPE depend significantly on the amount of the modifier in its composition. Thus, the influence of the percentage of CTMAI ion-exchanger used as a modifier in the carbon paste composition was investigated; the results are summarized in Table 1 . For such a purpose, three electrodes were prepared. The amounts of carbon powder, paraffin oil and the plasticizer were kept constant in each electrode, while the proportions of the modifier in these three electrodes were 2.4, 4.0 and 7.7 Figure 2 shows that the linear ranges of the electrodes are 1 × 10 -1 -4 × 10 -5 M, 1 × 10 -1 -4 × 10 -3 M and 1 × 10 -1 -1 × 10 -3 M in the same order. Thus, by increasing the percentage of the CTMAI ion-exchanger in the electrode composition up to 7.7%, the slope decreases, being of near Nernstian value at 2.4%. Increasing the ratio of the modifier decreased the slope and caused a nonlinearity in the electrode response that may be attributed to a decrease in conductivity of the paste resulting from increasing the number of the long chain alkyl groups of the modifier. Since the electrode with 2.4% of ion pairs has a good slope and a wide range of linearity, this percentage was chosen as the optimum amount for the iodide electrode.
The effect of a plasticizer on the performance of the electrode
A chemically modified CPE incorporating the electro-active material (CTMAI) and placticized with (40.6%) of two different plasticizers, (DBS and DOP) were examined; their responses at different pH values are shown in Fig. 3 . As is clear from this figure, the CPE containing DBS shows a Nernstian behavior over a wide pH range; hence the DBS-placticized CPE was used in all further studies.
Electrode performance characteristics
The potentiometric performance characteristics of the iodide CPE based on the use of the CTMAI ion pair complex as an electroactive material and dibutylsebacate as a plasticizer dispersed in a graphite matrix wetted with paraffine oil were evaluated according to the IUPAC recommendations; 23 the results are given in Table 2 A main attraction of the modified CPEs is that simple mechanical polishing on filter paper can renew the electrode surface while exposing a fresh surface whenever needed. As a matter of fact, ten successive polishings resulted in a relative standard deviation (RSD) of 2.1% by measuring the potential response of the sensor in a 10 -3 M iodide solution.
The pH dependence of the modified electrode response to iodide ion
The electrode response for different iodide concentrations was tested at different pH values, the pH being adjusted using a hydrochloric acid or sodium hydroxide solution. The CTMAImodified CPE when plasticized with DBS was dipped into iodide solutions of 1 × 10 -2 , 1 × 10 -3 and 1 × 10 -4 M and the potential of the electrode was plotted against the pH of the solution. From Fig. 3 , it is clear that the slope per concentration decade is constant at a value of ∼55 mV in the pH range of 5.0 -9.0.
On the other hand, upon testing different types of buffer solutions, phosphate buffer proved to be more suitable, where in this buffer of pH 7.0 the electrode response was almost stable to less than ±1 mV. Thus, while the potentiometric response of the electrode was independent of the pH of the solution between pH 5.0 and 9.0, it was dependent on the nature of the buffer media.
Response time of the electrode
The time required to reach a steady potential within ±1 mV, after successive immersion of the electrode in different concentrations of iodide solutions each having a 10-fold difference in concentration, was measured. The average dynamic response time was found to be short, ranging from 30 s for concentrations ≥10 
Repeatability and stability of the CTMAI modified-CPE
The potential response of the modified electrode was almost constant and stable to within ±1 mV. The day-to-day reproducibility of the sensor was about ±0.5 mV for the same solution, and the useful lifetime of the sensor was more than two months, during which period the potential slope was reproducible to within ±1 mV/concentration decade. Also, after more than two months, a new section from the master membrane was found to function very properly. The results are shown in Fig. 6 .
Selectivity of the CTMAI-CPE
The influence of the presence of some different ions in solution on the response of the CTMAI-modified CPE was investigated. The selectivity coefficients were determined by a separate solution method 23, 24 in a phosphate buffer of pH 7.0 using 1 × 10 -2 M test solutions; the selectivity coefficient was calculated from the following equation:
where E1 and E2 are the potential readings observed after 1 min of exposing the sensor to the same concentration of iodide ion and interfering ions alternatively; aI and aj are the activities or concentrations of the iodide ion and interfering ions, y is the charge of the interfering ion, and S the slope of calibration graph (mV/concentration decade). Table 3 shows the log K pot I,J values of the CTMAI-CPE for some common anions, and reveals that there was no interference from almost all of the investigated ions. The selectivities of the CTMAI-CPE toward the common anions were in the following order:
This result is comparable with I -> SCN -> Br -> Cl -> AcO -> ClO4 -> NO3 -> SO4 2-reported for a highly selective iodide-sensing silicon ladder polymer membrane containing porphyrin and quaternary ammonium salt 14 and I -> NO2 -> SCN -> NO3 -> Br -> ClO4 -> Cl -, which was recently reported for a multilayer film electrode containing cobalt phthalocyanine. 15 
Determination of iodide content in saline water
The applicability of the propsed CTMAI-CPE was investigated by determining the iodide concentration in artificial saline water spiked with different iodide concentrations. As is obvious from Table 4 , a quantitative percentage recovery of 99.9% was achieved; the results show good agreement with those obtained using a Metrohm iodide selective electrode.
Determination the of iodide content of gallamine triethiodide in a Flaxedil ampoule
According to B.P. 25 (1993) , USP 26 (1995) and PH. EUR. However, direct potentiometric measurements of the iodide content of gallamine triethiodide using the proposed CPE in phosphate buffer allowed a rapid, easy and accurate determination method. The experimental limit of detection obtained for the Flaxedil ampoule using the proposed method is sufficiently low that it can be used in drug monitoring. As is clear from Table 5 , an average recovery of 101.83±1.5 has been achived for Flaxedil, 40 mg ampoules; the results agree favorably with those obtained by the pharmacopoeia method. 24 
Potentiometric deatermination of Hg(II) and PhHg(I) using the proposed electrode
The developed electrode in conjunction with Ag/AgCl reference electrode has been used as an end-point indicator electrode for some potentiometric reactions. The titration of different volumes (5, 10 ml) of 10 -3 M mercuric nitrate and phenylmercuric acetate with a 10 -3 M potassium iodide solution has been performed. From Fig. 7 , it is clear that iodide reacts with Hg(II) in the molar ratio of 2:1, while with phenylmercury the ratio is 1:1. The titration curves were symmetrical with a very well-defined potential jump of about 200 mV, indicating the high sensitivity of the electrode.
Conclusion
The new CTMAI-carbon paste electrode described in the present work proved to be of value for the practical analysis of iodide ion in (Flaxedil) a muscle-relaxant drug. The sensor possesses high selectivity, sensitivity and reproducibility toward iodide ion. However, the electrode surface should be renewed when the iodide solution is changed from high concentration to a dilute solution to remove any residual iodide which was still retained on the surface of the CPE. This simple process leads to good reproducibility. ANALYTICAL SCIENCES FEBRUARY 2003, VOL. 19 
